). The Vickers chamber has therefore been modified to compress the patients in medically pure air, breathing oxygen through an aircrew mask system (McDowall et al. 1965) . In this way, the concentration of oxygen in the chamber is at all times maintained below the danger level of 30 %. It is still, however, possible in cases of medical necessity to compress the patient in 100% oxygen. The patient routinely inspires oxygen through a simple tilt demand valve. The expired oxygen is led from the mask into a reservoir built into the patient stretcher, the capacity of this tank being such that it is impossible for any overspill into the chamber atmosphere to occur (Ernsting 1967, unpublished) . The circulatory air forces the oxygen from this tank through the bulkhead to the exhaust vent, well away from the chamber, avoiding any build up of the oxygen concentration in the vicinity of the chamber and monitoring equipment (Reeks 1970) . The oxygen concentration in the chamber and the expiratory limb of the breathing circuit is monitored using the Servomex paramagnetic oxygen analyser (Nunn et al. 1964) . In 638 treatments the average oxygen concentration in the mask was 95-4 % and in the chamber 21V2 %; the alveolar oxygen tension averaged 1,337 mmHg.
There are several possible sources of ignition during HBO: (1) Static spark. (2) Electrical spark through insulation failure. (3) Mechanical spark.
(4) Overheating of combustible material. (5) Chemical reaction. The relative humidity of the chamber is maintained between 65 % and 70 % at all times so that the possibility of a static spark is slight. All electrical circuits used for the various monitors have been isolated from the chamber by specially fitted barrier circuits so that even if mains power was accidentally applied to any circuit there would be no sparking or overheating inside the chamber (Brennand 1970) .
During treatment all patients and medical staff are dressed in cotton garments to ensure that there is no possibility of a static or mechanical spark being produced. It has not been considered necessary to use materials treated with Proban as the fire-resisting properties of treated materials are lost unless specially modified washing techniques are adopted (Western Regional Hospital Board 1967). As a final precaution a fire trap has been installed in the gas supply line between the operating console and the chamber.
Medical StaffHazards
The nursing staff are given experience of the hyperbaric environment and also in the use of the oxygen equipment in the large recompression chamber.
All precautions and investigations applicable to patients are carried out, special care being taken to ensure that compression on successive days is avoided.
All exposures to the hyperbaric environment are carefully logged in patient and staff documentation and skeletal surveys are carried out annually in members of staff exposed to pressures above 2 atmabs. Asepticnecrosis hasnot as yet been noted in any workers in the hyperbaric medical chambers; this is probably due to the small numbers of exposures to pressure when compared with industrial workers. It is, however, important to be aware that this crippling condition could occur as a hazard of hyperbaric therapy or investigation. Surgical Applications of Hyperbaric Oxygen Therapy in the Royal Navy Fifty-seven surgical cases have been treated in the one-man chambers of the hyperbaric unit in the Royal Naval Hospital, Haslar, where, in the interests of efficiency and patient comfort, the chamber has been compressed with oxygen. Large chamber facilities have been provided in the Royal Naval Physiological Laboratory where, in the interests of economy and patient safety, the chamber has been compressed with air, the patient breathing oxygen through a mask. An additional small number of cases has been treated elsewhere. Rigid safety precautions and meticulous patient monitoring including blood gas analysis have been observed. Oxygen has been supplied at 21 atm abs for 2j hours twice daily except where it has been increased for the treatment of severe infections such as gas gangrene. Experience has taught us that it is unwise to continue such a course for more than 6-7 days since the danger of oxygen toxicity increases after this period. It is better to provide a further course after a short interval if additional treatment is considered necessary.
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Our cases fall into four main groups and comprise 9 cases with peripheral vascular disease, 19 with traumatic ischmmia, 8 with gas gangrene and 21 with pyogenic infections.
Peripheral Vascular Disease
In the peripheral vascular group no permanent improvement was achieved although some palliation occurred. It was scarcely worth the effort, but at least two conditions can be benefited by hyperbaric oxygen (HBO). Life can be made tolerable for patients with scleroderma who, every winter, suffer from painful paronychim and ischtemic ulcers of the finger tips, particularly if, during the winter months, they are also prescribed daily thyroxine (Eltroxin 0 05 mg) and a vasodilator such as Duvadilan (20 mg q.d.s.). Cold injury is the other condition and both freezing and nonfreezing injuries rapidly improve.
Traumatic Ischamia
If it is accepted that, at 3 atm abs, sufficient oxygen can be dissolved in the plasma to compensate for the normal arteriovenous difference, it is evident that HBO can compensate for the inadequate tissue oxygenation resulting from such complications of trauma as cedema, hvmatoma, tissue tension and disturbed hvmodynamics, provided that a critical minimal circulation is present.
Case 1
Presented with ring avulsion injury; progressive improvement was noted during his 60 hours of hyperbaric therapy leading finally to a return to normal function, with only a narrow fibrous ring at the base of the finger to show where soft tissue had been severed.
Ischlimic flaps can often be saved. Following thoracotomy for the repair of hiatal hernia, one patient presented two years later with a carcinoma of the ipsilateral breast. Not unnaturally some ischtmia of the lateral flap resulted and hyperbaric therapy enabled primary healing to occur without skin loss. The ischamic skin flap of an old man with a compound fracture of the ankle requiring compression screwing was similarly redeemed; hyperbaric therapy may therefore avoid all the problems of prolonged morbidity in this type of case.
Gas Gangrene
The 8 cases of gas gangrene provide unequivocal evidence of the value of hyperbaric oxygen in this condition. They were all received from elsewhere, usually in a parlous state with advanced gas gangrene and after all other forms of treatment had failed. Case 2 was the one death in this series.
Case 2 An old man with an 8-day history of spontaneous pain and swelling of the limb ultimately developed massive necrosis of the muscle of the leg, thigh and abdomen. Incisions revealed cavities with necrotic walls and at autopsy gas gangrene was found extending to the psoas muscles. However, he survived for 17 days and this determined a more aggressive attitude to the condition.
At the other end of the scale, a simple perforating wound in a young boy, our only early case, was picked up by an alert general practitioner who had served in Haslar. Clostridium welchii was found in his muscle biopsy.
Road traffic accidents have provided some of our cases.
Case 3
Admitted following nailing of a compound lower tibial fracture. Cellulitis had already reached mid-thigh. Wide debridement was followed by dramatic reduction in toxamia, and a through-knee amputation became possible.
Case 4
Admitted following elective osteotomy of the upper tibia. X-ray revealed widespread distribution of gas throughout the muscle planes (Fig 1) . There was a dramaticresponse to hyperbaric therapy, a temperature of 105°F and pulse of 160 resolving within 48 hours. Though semi-comatosed and delirious on admission, the patient became rational after first receiving HBO, which effectively kills clostridia and arrests the production of alpha toxin. In spite of the extent of infection it proved possible to perform a satisfactory below-knee amputation.
The investigation of suspected cases of gas gangrene should include full blood count, liver function tests, electrolytes, blood urea, blood gases, wound swab and, at operation, muscle biopsy. We believe that cases should be treated by immediate high dosage intravenous penicillin and HBO at 3 atm abs followed by early and extensive debridement, meticulous hamostasis, limb support and elevation, electrolyte and acid base correction, blood transfusion and, in some cases, cortisone therapy. This policy was justified by the following case:
Case 5 A man aged 65 had a brawny swelling of the left hip, which had been explored in another hospital and which was followed by a rapidly spreading cellulitis of the abdominal wall, thigh and leg. He was in a state of bacteriemic shock. X-rays showed gas in the tissue
Fig I Case 4 Gas gangrene, showing gas in muscle planes
planes and there was a large black eschar in the upper anterior aspect of the thigh. He was given 48 Mu intravenous penicillin and 2 g intravenous hydrocortisone during the first 24 hours. HBO therapy was commenced and, after his first treatment, pus was drained from the muscle compartments of the abdomen, buttock, thigh and leg, the deep fascia being opened widely and thorough muscle debridement carried out. Massive hydrocortisone therapy suppressed granulation tissue for a period but he returned to active work 3 months later, a fit man with full leg movements.
Muscle biopsy specimens in these cases revealed a variety of changes. Swollen fibrils, minimal round cell infiltration and early sarcolemmal separation are characteristic of gas gangrene (Fig 2) . However, adjacent areas with infiltration of inflammatory cells are sometimes seen and at this stage the process is probably reversible. Finally, the ground-glass appearance of myonecrosis appears (Fig 3) . Many of our patients are transferred from hospitals abroad with severe limb injuries, often having spent a considerable time in plaster. In several cases, skin overlying the fractures is of poor quality and grossly scarred. These highly trained young men are of the utmost value to the Service and our orthopTdic colleagues have used AO1 compression plating (Muller 1963) which allows the patient to dispense with all forms of external support and to mobilize in the immediate post-operative period. This is obviously highly desirable if we are to return these patients to active duty. However, the insertion of metal in a previously contaminated field, which may well have resulted from gun-shot injuries, covered by skin which is often relatively ischmmic, makes sepsis a hazard. Wound dehiscence is therefore not uncommon. In most cases wound swabs, at first, are sterile on culture, since the initial problem is essentially one of ischmmia and primary healing may be achieved if hyperbaric therapy is commenced at once.
Case 6
A young naval rating suffered multiple injuries, including abdominal complications, and was finally left with an ununited tibia and fibula, for which a sliding bone graft was performed unsuccessfully in 1964. Kiel bone cortical onlay grafts were inserted in 1965, but there was still no sign of union; later in 1965 tibial biopsy was performed and autogenous grafting attempted, again unsuccessfully. Finally AO compression plating was undertaken and proved a formidable procedure. A satisfactory result was obtained, but it was a long operation and the patient developed a mixed infection of Staph. pyogenes and coliform organisms. Treatment by HBO allowed the wound to heal in 10 days.
In fact, wound sterilization was achieved within a relatively short time in this group and we have found the value of hyperbaric therapy in a variety of conditions including burns and even malignant disease.
Case 7
A young naval rating sustained 3500 full thickness electrical burns in Jamaica where he almost lost his life. He became heavily infected with proteus, pyocyaneus and klebsiella and finally arrived in Haslar in an emaciated condition after transfer by air. His infection was treated by baths, the appropriate antibiotic and frequent debridement and an attempt was then made to provide a biological dressing by skin grafting. This proved only partially successful, as infection continued in spite of the most strenuous efforts to eradicate it. A synthetic collagen preparation was then used, again without success. Baths were resumed, but failed to produce a negative swab, and the patient then began to lose his most recent grafts. At this stage, he was regrafted and treated with HBO from the day of operation. There was no further sepsis, the grafts healing by first intention.
'Arbeitsgemeinschaft fur Osteosynthese-fragen
This case appears to corroborate the work of Sachs (1968) whose biopsies of full-thickness burns revealed colonies of organisms deep to the corium. One might therefore assume that, while such organisms remain unaffected by topical therapy, a high tissue oxygen will contribute to their destruction.
The problem following infection of the pressure sores of paraplegics is well known. That it can be dealt with effectively and quickly by HBO therapy is shown by the following case.
Case 8
Presented with a trophic ulcer of the ankle infected by proteus and Staph. pyogenes, and in addition a large discharging ischiorectal abscess. Under HBO, indolent granulations became healthy until it became possible to rotate an ankle flap. The ischiorectal abscess was excised and the wound satisfactorily sutured.
Cas9
Referred to the unit with a fungating, malignant, pyocyaneus-infected lesion of the chest wall following rib biopsy for what subsequently proved to be myelomatosis. Antibiotics, cytotoxic therapy (hydroxyurea and melphalan) and wound debridement failed to influence the infection. It was therefore decided to graft the area during a melphalan-HBO regimen and an excellent result was obtained, with full graft 'take' on a tumour-free chest wall.
Finally, there can be no success without the co-operation of the patient.
Case 10
A young girl was referred, having previously been treated in several hospitals. An infected, penetrating ulcer of the dorsum of the foot with grossly cedematous edges exposed, in its floor, the shaft of the metatarsal. As hyperbaric therapy brought speedy healing, the patient grew progressively truculent and the etiology of the condition was finally established when, during an histrionic outburst, she slashed her wrist. It was then that a similar scar was discovered on the opposite wrist!
Discussion
The treatment of our 57 patients has involved 872 compressions and over 1,800 hours of hyperbaric oxygen therapy, not including the time taken to compress and decompress the patients. We have had one death from fulminating gas gangrene.
Obviously HBO therapy is expensive in equipment, personnel and supporting facilities, for patients must be rigorously supervised and carefully monitored. From our results one may conclude that HBO therapy produced either no response or, at best, palliation in peripheral vascular disease, except in cold injury and scleroderma where it appeared beneficial. In traumatic ischmmia valuable time was gained until the circulation was re-established and healing accelerated. Surface sterilization and acceler- ated healing were obtained in pyogenic infections, and in gas gangrene there was dramatic recovery from toxemia, preservation of tissue and often of life. Shock, burns, vascular injury, fractures and soft tissue himatomas complicate war wounds and, while HBO is no substitute for adequate fluid replacement, the correction of acid-base imbalance and skilled surgery, it may nevertheless be the factor in the post-operative course which conserves tissue and reduces morbidity.
With regard to the adverse effects of oxygen under pressure, 36 patients remained entirely unaffected by therapy throughout treatment, 3 convulsed, 3 vomited and 1 developed bilateral htmotympanum. Three experienced claustrophobia and the remaining 11 suffered temporary minor discomfort. The only serious complication therefore was oxygen convulsions, which had an incidence of just over 5 % and appeared directly related to the length of treatment (over 6 days) or to a pre-exisiting chronic hypoxia: J L Patterson, J P Baker, M A Tattersall and L Stringer (unpublished; quoted New Engl. J. Med 1966) have drawn attention to the importance of this latter condition.
Since gas gangrene is a serious and often fatal disease and the serviceman may frequently be at risk, there seems a good case for providing an airportable one-man chamber in theatres of war. The heavy metal naval one-man compression chamber first used weighs 580 lb (263 kg). It is hot in the tropics and provides inadequate patient observation. The Vickers chamber, which has been found excellent for routine hospital treatment, is a sophisticated piece of equipment with electronic monitoring of closed-circuit oxygen recirculation and humidity systems. It requires expert maintenance. We therefore considered the Normalair lightweight fibreglass chamber, developed initially by Smith et al. (1966) , and we have modified the prototype to produce a versatile, lightweight chamber weighing only 200 lb (91 kg) mounted on skids for air transportation and capable of being fitted to a trolley for hospital or sick quarters use. Since there is no electrical circuitry, it is both safe and robust and can be compressed with either air or oxygen (Fig 4) . The prototype had a protective guard over the Perspex dome which is now double skinned and this has been omitted by the manufacturers in the final version. We have therefore recommended that it be replaced. When this has been done, the chamber should provide a reasonably foolproof and safe method of making HBO available to the serviceman wounded on contaminated soil anywhere in the world.
